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This document provides the procedures for performing the final radiological survey 
of Building TO28 (former Stir Facility). Included are the analpica1 techniques to be 
applied to the data obtained from the survey. The survey will ensure that all NRC and 
State of California criteria for release of the facility for unrestricted use have been met. 
The overall facility description and the technical approach to the decontamination and 
decommissioning phase are contained in Applicable Document No. 1. 

This document includes "red-lined" changes to the Working Copy (approved in 
August 1988) that was a red-line change of Document Number 173DWP000021 "RIHL 
Final Radiological Survey Procedure." 



econtarnination 
nin, August 1, 1988 

2. ESG 82-83, "Health and Safety Sections for Renewal Application of the Spe- 
aterials License SN -21, Docket 70-25, Issues to Energy Sys- 

tems Group of Rockwell International," June 5, 1984 

3. "Confirmatory Radiological Survey, Nuclear Materials Development Facility 
(T-055), Rockwell International, Santa Susana, California," July 1987 

4. Federal Register, Volume 46, No. 205 

5. Regulatory Guide 6.6, "Acceptance Sampling Procedures for Exempted and 
. .  . 

Generally Licensed Items Containing By-product Material" - 
2.2 REFERENCES 

1. "Selected Techniques of Statistical Analysis," Statistical Research Group, Co- 
lumbia University, McGraw-Hill Book Go. Inc., 1947 

2. "Some Theory of Sampling," W. E. Deming, Dover Publications, Inc., New 
York, 1950 

3. "Statistics in Research," 3. Ostle and R. Mensing, The Iowa State University 
Press, 1979 



pha Scintillation Probe 

Canberra Low-Background AlphaIBeta Counting System 

odel 44-9 Thin-Window Pancake G 

odel 44-2 High-Energy Gamma Probe 

Canberra Series 80MCA System with igh-Purity Germanium Detector 

. .  . 
Note: "Or equivalent" applies to all above model - numbers. 

TERIALS 3.2 

Whatman 540 Filter Paper, or equivalent 

Miscellaneous operating supplies 



e time of the final su ey, it is anticipate that no special safety hazards will be 
resent. 



esignated "working copy" of this D will be utilized a t  the work site. 
d procedure changes become necessary, the single designated "worki 
may be red-lined (in red ink) if approved by the Nuclear Operation 

his designee(s). Radiation and Nuclear Safety must approve and sign any changes affect- 
ing health and safety; the Program anager must approve and sign any changes affecting 
cost o r  schedule; and Quality Assurance must approve and sign any changes affecting 
quality. At the completion of the task covered by the DWP, all red-lined changes will be 
incorporated into this DWP and released through Technical Data Operations. 

For purposes of statistical analysis of the survey results, the facility will be divided 
, . into two areas. These areas are as follows: - 

1. Rooms 102 an2 102A 

2. Test vault 

If contamination or  high ambient radiation is found in either of these areas, the sur- 
vey will be expanded into neighboring areas. 

5.1.1 Walls, Floors, and Ceilings 

Starting at one corner of an area, a uniform 3-m x 3-m grid shall be superimposed 
on the floor, walls, and ceiling. A 1-m x 1-m area within each 3-m x 3-m area shall be 
selected for survey. This shall be a random selection, except that, where possible, it 
should be biased toward that area which is expected to have had the highest contamina- 
tion level. For surfaces having areas less than 3 m x 3 m9 a minimum area of 1 m x 1 m 
shall be surveyed. A higher density of sampling grids should be used in those cases where 
the indicated procedure will result in fewer than about 30 total data points for statistical 
analysis. 

5.1.2 Structural Su 

Structural surfaces will consist of beams, pipes, conduits, and other surfices that are 
not amenable to large surface measurements. 20% of the structural surfaces shall be sur- 
veyed. The selection of surfaces to survey should again be biased toward those expected 
to have the highest contamination levels. 

A sampling inspection method using variables, discussed in Section 5.6.3.2, will be 
used to demonstrate that the residual contamination and radiation levels for each sam- . 
pling area are below the following limits. 



Alpha eta 
(dpm1100 cm2)* 

Total, averaged over 1 m2 5,000 5,000 
Total, maximum over 100 c2 15,000 15,000 
Removable over 100 cm2 1,000 1,000 

*Note: As used in this table, dpm (disintegrations per min- 
ute) means the rate of emission by radioactive mate- 
rial as determined by correcting the counts per 
minute observed by an appropriate detector for 
background, efficiency, and geometric factors asso- 
ciated with the instrumentation. 

Surfaces must also meet the following limit: 
. . 

Ambient exposure rate at 1 m 5 uR/hr above 
- background (gamma) 

5 3  INSTRUMENT CALIBMTIONS AND CHECKS 

Measurements of the average and maximum alpha surface activities shall be made 
with alpha scintillation detectors, sensitive only to alpha particles with energies exceeding 
about 1.5 MeV. The detectors shall be calibrated with a Th-230 alpha source standard. 

Measurements of the average and maximum beta surface activities shall be made 
with a thin-window pancake Geiger-Mueller tube. The detectors shall be calibrated with 
a Tc-99 beta source standard. 

Measurements of removable surface activity (alpha and beta) shall be made by wip- 
ing approximately 100 cm2 of surface area using standard smear disks. The activity on the 
disks shall be measured using a gas-flow proportional counter. The counters shall be cai- 
ibrated using Th-230 and Tc-99 standard sources. 

The ambient exposure rate at 1 m from surfaces will be measured using a 1-in. NaI 
scintillation detector. These instruments shall be calibrated against a Reuter-Stokes 
high-pressure ionization chamber, and daily checks shall be made using an Ra-226 
source placed 1 ft from the detector. 

All portable survey instruments shall be serviced and calibrated on a quarterly basis. 
In addition, daily (when used) checks and calibrations shall be performed on all instru- 
mentation to determine acceptable performance. All daily calibrations and checks shall 
be made at the beginning of the work day, at mid-day, and at the end of the work day. 
The average of the backgrounds and efficiency factors determined at the beginning and 
end of each half-day shall be used with data obtained during that time period. All cali- 
bration and check data shall be recorded on a standard health and safety instrument 



ceptance limits for s shall be established for each 
instrument at 

In order to facilitate the average and maximum contamination measurements, the 
ould be connecte on faceplate so that they can be 

moved over the survey area as a unit. 

1. Identify the 1-m x 1-m area to be measured. If a structural surface is being 
surveyed, select a 2-ft section out of every 10 ft for sampling. 

2.  With portable scalar instrumentation set for a 5-min count time, uniformly 
scan the area with the alpha-beta probe combination. Watch and listen for 
"hot spots" where radioactivity may exceed the average limit. These-are to be 
resurveyed later. - 

3. Record the location, total counts, instrument numbers, date, and time. 

5.4.2 Maximum Contamination Measurements 

1. Return to any area previously identified as having a "hot spot." 

2.  Repeat the 5-min uniform scan of only the "hot spot" area, covering approxi- 
mately 100 cm2 with the alpha-beta probe combination. 

3. Record the location, total counts, instrument numbers, date, and time. 

ovable Contamination 

1. Using an NPO 2-in.-diameter cloth swipe, wipe an "S" or "2" pattern, with 
legs approximately 6 in. long, so as to sample removable contamination from 
an area of approximately 100 cm2 within the 1-m2 area identified and mea- 
sured with the survey meters. 

2. Place the smear in an envelope kit and record the location of the sample 
area, date, and time on the envelope. Save until ready for counting. 

3. Measure the activity of the swipe using a gas-flow proportional counter and a 
5-min count time. 

4. Record the location, total alpha and beta counts, instrument number, date, 
and time. 

ient Exposure 

1. For each selected 1-rn x 1-m survey area, osition the NaI detector at a dis- 
tance of 1 m from the center of the survey area. . 
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nt number, date, and time. 

re  made, shall be transferred 
to a computer spreadsheet. One spreadsheet should be created for each statistical sam- 
pling area. Columns shail be created to accep't the following input data: 

Room number 

Grid location 

Alpha total activity, averaged over 1 m2 (5-min count) - 
Alpha maximum activity for "hot spot" (5-min count) 

Alpha removable activity (5-min count) 

Beta total activity, averaged over 1 m2 (5-min count) 

Beta maximum activity for "hot spot" (5-min count) 

Beta removable activity (5-min count) 

Ambient gamma count (5 min) 

Alpha survey instrument background (5 min), efficiency factor (dpmlcpm), 
and area factor 

Alpha gas proportional detector background (5 min) and efficiency factor 
(dpmlcpm) 

Beta survey instrument background (5 min), efficiency factor (dpmt cpm), and 
area factor 

Beta gas proportional detector background (5 min) and efficiency factor 
(dpmlcpm) 

Gamma survey instrument background (5 min) and efficiency factor 

Columns shall then be created to calculate the foIIowing output data: 

1. Alpha total activity averaged over 1 m2 and standard deviation (dpmt100 cm') 

pha maximum activity and standard deviation (dpml100 cm2) 

3. Alpha removable activity and standard eviation (dpm1100 cm2) 



where SA = 

C = 
5 = 

B = 

E = 

100 = 

A = 

surface activity (average or mzlximum) 
total count in 5 rnin 
count time, min - 
background count in 5 min : 

efficiency factor, dpmlcpm 
100 - cm2 standard area 
probe sensitive area, cm2 

Note that the analysis is done using counts rather than count rates. The standard devi- 
ation of the measurement in dpm1100 cm2 is given by: 

The smear activities counted by the gas-flow proportional counters for the alpha and beta 
removable surface activity are converted to dpm1100 cm2 by: 

where the appropriate alpha and beta backgroun and efficiency factors are used. Stan- 
dard deviations shall also be calculated. 

The ambient gamma exposure rate is calculated as follows: 
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deviation is then obtained as fol- 
lows: 

e r  the data are entered into the spreadsheet and the culated values are ob- 
disk file is created for storing the caIcuIated values. software program will 

then be used to read this file and to plot activities or exposure rates against the Gaussian 
cumulative distribution function on a probability"scale. If the data foIIows a normal dis- 
tribution, then the resulting plot is a straight line. 

5.5.2 Statistical Analysis 

From the plot of activity versus cumulative probability, the mean contamination val- 
ue of the lot is approximately the value on the ordinate - axis where the distribution inter- 
sects the 50% cumulative probability line. The distributioncis analyzed in terms of sam- 
pling inspection, "inspection by variables." The test is satisfied if the Gaussian straight 
line passes below the intersection of the upper acceptance limit on the y-axis and approx- 
imateiy 93% cumulative probability on the x-axis. 

The test statistic x + ks is compared to the acceptance limit U, where: 

R = average (arithmetic mean of measured values) 

s = observed sample standard deviation 

k = tolerance factor calculated from the number of samples to achieve 
desired sensitivity to the test 

U = acceptance limit. 

The State of California has stated that the consumer's risk of acceptance ( P )  at 10% 
defective (LTPD) must be 0.1. For these choices of @ and LTPD, Kg = K2 = 1.282. The 

number of samples is n. Values of k for each sample size are calculated in accordance 
with the following equations: 
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er  

2 = the normal deviate exceede of /3, 0.10 (from tables, 
= 1.282) 

= the normal deviate exceeded with probabilify equal to the LTPD, 10% 
(from tables, K = 1.282) 

n = number of samples 

The criteria for acceptance are presented as a plan of action. The plan of action is: 

Acceptance: If the test statistic (X + ks) is less than or equal to the limit (U), 
accept the region as clean. (If any single measured value exceeds 80% of the 
limit, decontaminate that location to as near background as is possible, bur 
do not change the value in the analysis.) , . _  

Collect additional measurements: If the cest statistic (x -k ks) is greater than 
the limit (U), but x itself is less than U, independently resample and combine 
ail measured values to determine if x + ks < = U for the combined set; if 
so, accept the region as clean. If not, reject the region. 

Rejection: If the test statistic-(X + ks) is greater than the limit (U) and x > 
= U, reject the region. 

5.53 Sampling Inspection 

5.53.1 Counting Statistics 

The emission of atomic and nuclear radiation obeys the rules of quantum theory. 
As a result of this, one can only determine the probability that an emission will occur. If 
one attempts to measure the number of particles emitted by a radioactive source, that 
number is not constant in time; it has a statistical variation because of the probabilistic 
nature of the phenomenon under study. The number of particles emitted per unit time is 
different for successive units of time. Therefore, one can only determine the average 
number of particles emitted per unit time and per unit area. Because of the probabilistic 
nature of particles emitted by radioactive elements, repeated measurements of the aver- 
age number of emissions per unit time will show a distribution approximated by the 
Gaussian (or normal) probability density function (pdf). If measurements are made at 
many similar locations in a homogeneous set, these measurements will generally show a 
somewhat greater variability, but the distribution will remain adequately represented by a 
Gaussian function. Thus, the number of occurrences of particular contamination values, 
f(x), shows a Gaussian pdf relative to the contamination value, and the data can be 
plotted accordingly. Subsequently, based on the results of the data analysis, a conclusion 
can be made regarding the level of residual contamination in the building. 
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e Gaussian distribution, g(x), is given 

where g(x)dx = robability that the value of x, t e measured value, lies between x and 
x + dx 

m = average or mean of the distribution 

o2 = variance of the distribution 

A graph of g(x) versus x gives the following bell-shaped curve: 

x 5822- 1 

re 1. The Gaussian ensity Function 

Furthermore, the cumulative distribution function (cdf), G(x), (equal to the integral of the 
pdf, for a continuous random variable) is: 

This function is commonly referred to as the error function (ert). The graph of the Gaus- 
sian cdf is: 



I . .  5822-2 
Figure 2. The Gaussian Cu ulative Distribution Function 

4 

If x is the survey measurement (in the case of radiation measurements, the number of 
counts), the standard deviation of the measurement is the square root of x. Background 
radiation must also be considered to calculate the net number of counts. Thus, the error, 
or standard deviation associated with the measurement, becomes: 

where C = the number of counts recorded in time, 1T, of the sample 

B = the number of counts recorded in time, 7, of the background radiation 
environment 

T = time of count, assumes the sample count time is equal to the background 
discount time 

Finally, corrections must be made for instru entation parameters including geometry and 
efficiency. 

Acceptance inspection by variables is a method of judging whether a lot of items is 
of acceptable quality by examining a sample from the lot, or population. In the case of 
determining residual contamination in the R L, it would be unacceptably time consum- 
ing and not cost effective to measure and document 100% of the building. However, by 
applying sampling inspection by variables methods, acceptable confidence in the conclu- 
sion made about the level of contamination n be achieved. 



ction by variables i od of judging whether a lot of items is 
examining a sample the lot, or population. In the case of 
tamination in th t would be unacceptably time consum- 

ing and not cost effective to measure an t 100% of the building. However, by 
applying sampling inspection by variables methods, acceptable confidence in the conclu- 
sion made about the level of contamination can be achieved. 

In acceptance inspection by attributes, the radiation measurement in a given area is 
recorded numerically and classified as either being defective or nondefective, according 
to regulatory acceptance criteria. A defect means an instance of a failure to meet a re- 
quirement imposed on a unit with respect to a single quality characteristic. Second, a de- 
cision is made from the number of defective areas in the sample whether the percentage 
of defective areas in the lot is small enough for the lot to be considered acceptable. In 
acceptance inspection by variables, the result is recoded numerically and is not treated 
simply as a Boolean statistic, so fewer areas need to be inspected for a given degree of 
confidence in judging a lot's acceptability. 

The test statistic, w + ks, is compared to the acceptance limit U, 

where x = average (arithmetic mean of measured values) 

s = observed sample standard deviation 

k = tolerance factor calculated from the number of samples to achieve the 
desired sensitivity for the test 

U = acceptance limit 

The sample mean, standard deviation, and acceptance limit are easily calculable 
quantities; the value of k, the tolerance factor, bears further discussion. Of the various 
criteria for selecting plans for acceptance sampling by variables, the most appropriate is 
the method of Lot Tolerance Percent Defective (LTPD), also referred to as the Rejectable 
Quality Level (RQL). The LTPD is defined as the poorest quality that should be ac- 
cepted in an individual lot. Associated with the LTPD is a parameter referred to as con- 
sumer's risk (B) ,  the risk of accepting a lot of quality equal to the LTPD. USNRC Regu- 
lator Guide 6.6 ("Acceptance Sampling Procedures for Exempted and Generally Licensed 
Items Containing By-product Material") states that the value for the consumer's risk 
should be 0.10. Conventionally, the value assigned to the LTPD has been 10%. These 
a-priori determinations are consistent with the literature and regulatory position and are 
the same values used by the State of California. Thus, based on sampling inspection, we 
are willing to accept the hypothesis that the probability of accepting a l o t  as not being 
contaminated which is, in fact, 10% defective is 0.10. The value of k, which is a function 
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Rockwell Final Survey 

Dl641, health physics technicians 
Dl641, engineers 
Dl641, management 
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